The threats of disease outbreaks and exposure to biothreat agents, both accidental and intentional, demand fielddeployable technology capable of rapid, sensitive, and accurate diagnosis. In order to address these public health concerns, we present a portable centrifugal microfluidic platform and demonstrate sensitive detection protein antigens, host response antibodies, and nucleic acids down to single digit starting copies. The nucleic acid detection utilizes an isothermal amplification via loop-mediated isothermal amplification (LAMP). The platform, which is composed of a compact optical system for laser induced fluorescence (LIF) detection, a quiet brushless motor, and an efficient non-contact heater, offers an easy-to-use system capable of performing sensitive biodetection in a constrained-resource environment.
I. INTRODUCTION
We have previously reported on the development of a microfluidic system designed at Sandia National Laboratories to conduct and to develop novel immunoassays [1, 2] . In order to further mature the technology and expand the capabilities of the platform, a heating system was incorporated to enable nucleic acids tests using techniques such as LAMP. Previous implementations of heated centrifugal systems in the literature typically suffer from complicated and unreliable approaches for power delivery such as the use of a slip ring for electrically interfacing with the rotating microfluidic device as required for traditional heating elements [3, 4] . Slip rings have the potential to introduce greater complexity, significantly limit the available rotational speeds, and have finite lifetimes due to wearing down of the graphite or metal brushes. Other strategies have been published, such as induction heating [5] , which offers the benefits of a non-contact solution but typically requires extensive circuitry and on-disc electrodes. These elements increase cost and complexity of disc fabrication, decreasing the utility of the device as a fieldable platform for low resource settings. Infrared laser heating has been demonstrated but is only suitable for small targets and also contributes to increased disc complexity by requiring an embedded metal plate to achieve high temperatures via indirect heating of the sample [6] . Thermoelectric heating, commonly used for PCR thermocyclers, has been implemented but requires additional moving parts, such as a linear actuator [7] , to bring the disc into contact with the heat source. The non-contact heating system presented here provides temporally stable and spatially uniform temperature control with a simple, reliable set of components.
II. EXPERIMENTAL METHODS

A. Immunoassay detection
Protein detection proceeds via a novel sedimentationbased microparticle pull-down through a density matrix. Microparticles are covalently decorated with target-specific antibodies to form the capture surface. These microparticles are then incubated with the sample in the presence of a fluorescently-labeled detection antibody for fifteen minutes. In the presence of the analyte of interest, the detection antibody and the capture antibody form an immunocomplex on the microparticle. This immunocomplex is able to pass through the density medium preloaded into a microfluidic passing through the density medium, separating bound and unbound reporter antibody. The particles are then concentrated at the tip of the channel at the periphery of the disc. The signal is read via laser-induced fluorescence; increased fluorescent signal is directly correlated with increased analyte concentration. If the analyte of interest is not present, the reporter antibody will be unable to form stable immunocomplexes on the surface of the microparticle. These unbound molecules will be separated from the microparticles during sedimentation and no signal will be seen at the tip of the channel. Similarly, serology assays can be performed on the platform. Rather than immobilizing a capture antibody, antigen of interest can be attached to the surface. These assays are then quantified with a fluorescently-labeled secondary antibody.
B. Molecular diagnostics
The platform is primarily composed of three subsystems: 1) optical system for LIF, 2) rotary control system, and 3)
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Christopher R. Phaneuf -Sandia National Laboratories, Victoria A. VanderNoot -Sandia National Laboratories, and Chung-Yan Koh -Sandia National Laboratories non-contact heating system. The optical system consists of standard elements, including a laser diode module, photomultiplier tube, and excitation and emission filters. The rotary control system is built around a brushless DC servomotor with an absolute encoder. Optical switches interact with markings on the disc for home positioning. The heating system is based on a custom carbon filament medium-wave infrared emitter mounted in a hinged enclosure in order to swivel the heater into position over the disc when ready for operation. While the disc rotates at 100 RPM, the heater is powered at 28W to achieve uniform heating to 65°C. These components, along with a power supply and control electronics, are housed in a Pelican case.
III. RESULTS AND DISCUSSION
A. Molecular diagnostics
The platform was first calibrated for open loop temperature control. Surface temperature was determined by thermal imaging and correlated with sample temperature within the microfluidic chambers with a purpose-built thermal probe. After temperature calibration, the platform was tested by amplifying a heat-killed E. coli O157:H7 target using a LAMP reaction with QUASR chemistry [8] . With a 10x serial dilution of the target DNA from 10,000 cells to ~1 template concentration along with a negative template control (NTC). The disc was heated to 65°C for 45 min, allowed to cool, and fluorescence was measured. Successful detection over the range of dilutions was observed. Additionally, direct detection from clinical sample matrices has been demonstrated. The Bst polymerase used is highly resistant to some common PCR-inhibiting samples such as sample matrices were able to be analyzed without any sample preparation off device. A panel of enteric bacteria, including salmonella, campylobacter, shigella, and E. coli O157:H7, were tested in a variety of sample matrices to determine sensitivity and specificity. Detection of DNA was competitive with qPCR. Detection of RNA was typically demonstrated with a five-fold decrease in sensitivity. The reverse transcription step is known to be difficult in LAMP reactions and further work is ongoing.
B. Immunoassay detection
A corresponding set of immunoassays were developed to complement the nucleic acid detection tests. Assays for markers on the bacterial surface were developed. Additionally, assays for excreted protein toxins were also developed, such as shigatoxin. Limits of detection for the whole cell immunoassays were in the single cell range per assay. The limits of detection for the protein toxins were in the picogram per milliliter range. Sensitivity for the immunoassay in the microfluidic platform is enhanced for several reasons. The microparticles used exhibit very low autofluorescence in the wavelengths of interest, allowing for enhanced signal-to-noise with very low background noise. Additionally, using microparticles increases the effective surface area for binding the target protein analyte to the surface of the microparticle. For a typical assay, more than one hundred times the area of a 96-well plate is used for a single test. The microfluidic channels enhance reaction kinetics and shorten incubation times. The microfluidic channels additionally narrow to a point for detection, physically concentrating the signal. Finally, by utilizing a density medium to create a barrier between the microparticle capture surface and interfering compounds or unbound signal with stringent washing, the assay greatly decreases the potential for false positives while maintaining a simple onestep procedure for the end user.
As illustrated in Table 1 , the platform is able to perform sensitive immunoassays directly from a clinically relevant sample matrix. The stability, specificity, and activity of the antibodies used for detection have a direct impact on the sensitivity of the assays. 
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